I
ndustrial activity and changes in land use are altering Earth's carbon cycle at spatial and temporal scales that are difficult to study and understand. Rising atmospheric concentrations of carbon dioxide (CO 2 ), a trend since the start of the Industrial Revolution, reveal the extent to which humans have altered the balance between uptake and release of this greenhouse gas on a global scale. Terrestrial ecosystems play a vital role in modulating the balance between uptake and release of CO 2 , which is an essential resource for photosynthetic organisms.
The most promising approach to understanding the potential impact of increasing levels of CO 2 on terrestrial ecosystems is to expose natural and managed communities to varying levels of CO 2 and monitor their response. Net uptake of carbon by the terrestrial biosphere depends, however, on the incorporation of carbon into longlived components (woody biomass and recalcitrant soil organic matter, for example). Measuring this incorporation is no small challenge, given that elevated concentrations of CO 2 concurrently affect other aspects of ecosystems, such as soil water balance and species composition.
When biologists and chemists set about unraveling the complexities of biochemical pathways at the cellular level in the mid-20th century, they turned to isotopic tracers as the tool of choice. Ecosystem science, now in a renaissance, has embraced the same powerful technology. In fact, the stable isotope technique has become to ecosystem science what DNA sequencing is to molecular biology-a fundamental approach to disentangling the complex processes and controls inherent to biological systems. The timely and informative article by Pataki and colleagues that starts on page 805 explains the use of isotopic tracers such as The authors focus first on the use of 13 C as a tracer in systems experimentally fumigated with CO 2 , as there is no better tracer of carbon than carbon itself. They describe techniques used to distinguish autotrophic (plant-derived) and heterotrophic (microbially derived) soil respiration, noting that elevated concentrations of CO 2 tend to favor heterotrophic respiration by stimulating the decomposition both of carbon compounds recently derived from atmospheric carbon and of older ones. This result has important implications for sequestration of carbon in the terrestrial biosphere. Pataki and colleagues also describe applications of stable isotopes for quantifying rates of root turnover and residence times of soil carbon, tracking water through leaves and ecosystems, investigating coupling between carbon and nitrogen, and following elements through trophic levels.
One limitation of the use of isotopic tracer techniques in research on elevated CO 2 concentrations is that the isotope label is difficult to apply to control plots exposed to ambient levels of the gas. This limitation necessitates ingenious and relatively complicated procedures, some of which may be suitable only for particular ecological systems. Nonetheless, biologists from all fields who are considering the use of isotope tracers will find this paper a useful primer and treatise on the applications of isotopic tracers in ecosystem science. JAKE F. WELTZIN DAVID G. WILLIAMS
